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Abstract

In near future, we are facing the commercialization of cultured meat. However, there are remaining issues. Especially,
the safety management during and/or after production of cultured meat should be secured before the launching. In this
review, we investigated i) the current strategy on safety management of cultured meat in leading countries (USA, EU,
etc.) as a reference and ii) the whole process and materials used for cultured meat production. Then, the potential con—
siderations in development for safety management of cultured meat were discussed. Although cultured meat could be
an edible animal muscle, it is a new category of food using stem cell biotechnology. Therefore, cultured meat may be
classified as a novel food as it has no historical record and/or experience for human consumption. The cells and materi-
als (e.g. chemicals, nutrients, growth factors, scaffolds, etc.) for cultured meat production are mostly not approved for
food use. In this regard, we believe that the adaption of optimal regulation will secure the safety of cultured meat. Open
discussions with various fields and people of interest are helpful for the establishment of its safety management.
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2, A AAR R A3t Qe 179 53 7]9Hst
So BAZ Qlsle] AR P1E olee] A ool 9o
FHY ZAoR HIEI Atk Bonny et al., 2015; Lee et al.,
2020). Q5N TR T E5O A F, 53] A%
< 7lR19] 7158} HEo] Ao Flgt o FUN(ETER
£, AL, ol ekl @ BB 5)F Edel 9] v
o 489] Sat WA 271 A0 o4l UcLee e
al., 2020; You et al., 2020). Bryant®} Barnett(2018)0]] W=,
o 2050971 418 $87F F7He oF T3% o4 7R A
0= JFE et ol AlS 89 FTE B,
7 B9 4189 BRS 2 gelel gA WA 715
AL EX 9 B 5 Age] A9} B4Y BA sl v)

#4480 £08 BE FYI0l: ofeige] 9L 208 4
ZrEtH(Lee et al., 2020).

olo] thgt g o2 AA Tt FFO &7 tAlAE
So| AIET YHABY S5 IS IS L 48
% 55 Kim et al,, 2019; Lee et al., 2020; You et al., 2020).
o] F Y= cultured meat)2 FEAZRE RIS AZE F
Kjo] S 71 EAR o] Tl AEO 2N, AE
FlE 52 olgalol 589 24S Migel Wholtt
(Choi et al., 2021; Post, 2012). HJOkR-S. A1EA] Q5 QApAlE
ojL} A 8% 5o thE A ©hld A} g, AA| Als
3 AR 24 S Jke] o ehid AES AT
= lth= HollA Aol Q= v A7 E 5= A= A
olgkal 7|tislal Uti(Hong et al., 2021; Lee et al., 2020).
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W, e AA A8 olFA L Qe AR S5
ARAE 9 A8 3t tE2A AYA 54 9] HFH3H AHI7E
T B ofyz, A, A7) 7] AlFo R T|E U
A2 53} =315 2fo]7} ARG (Lee et al., 2021; Post et al.,
2020; Ramani et al., 2021). A&7 THE 0] Q= vjFS- Q¢
A8 T TS AuEH, s AR ZIdol dofA
VY AofEo] 2 & e A2 FE Y, A 2 /F Al
2] 502 HQItKPetetin, 2014; Schneider, 2012; Sergelidis,
2019; Stephens et al., 2018). 0] Foj|x E3] AA| A1} T
At ZATE D B, ol B4R BAIA &4EE of
Yz, &HRF A7l 2154 o] d & JleH = Hijoks o
A7 77|k a2 BHEA] Qo A1o' Holx|uk dA A
AAFCE 2 HA 7]Rkso] wH|gh A7t

ol & == &5l FUlQ] s T AT vl
Az Al QEdo] a7t 2 4= Qe 8 FEES HNtEew
A E 1A} g
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AEE AR} 7]&S o838 AE9] A9, Azl At
A B7HRHE o] RHEA] B a6, o]o] AlA ZF =9
A AEE 2L 71&S ol8sto] AlxE A1F0 o ¥
7 Slet dat g 9 ofof] wWE Qb 7S AAIsk A
TH(Table 1; MFDS, 2009). @A BlYS- 7]& A52] A4
Aol ofd & ofyzl, Als¥ FAKEE #°l7] flste] Al
Al F7HQ1 TS Z3Rte| wet, Alsa Add 554
7H71= of#le 2108 WeEIL QItk(Schneider, 2012).
=, RS AR Ao £517] whizof Al A 5191 % o]
QI3 kA S0l FapolH, AA| HiS 7o) BlEA
AP Q= vl=, FHAY 59 B A AES 915
THES 7IRtC & v Fad SRS 9o =star Stk

oj= W A4 A1Fe] s A= (Food and Drug
Administration)2] HFAIEO|SFESIAZ ] (Federal Food, Drug,
and Cosmetic Act) @ AHFA 3 (Code of Federal Regulation)

N o B

i

of 7|¥kelal Qith o= ZA AE AHVIE #43} Generally
Recognized as Safe(GRAS) A== WHH(MAFRA, 2018), A5
uj= U Hjoks A= FE GRASO] 7|¥HeF Ao & Holth
20199 A1ZEOJokF2y} sEXYUnited States Department of
Agriculiureyls ‘HIOFR0 ZHE 9 2 oA AES| FEHE
2 Sf3F 24 Werg Wk vt 3low, of Holol v &
5 0)3 o WeES Aol glof AEelele Az 4 olg
NS, AE 42 W] AE STt A 9 AR B
T AIE] A=E FE TIoks T, = AlE ST
ARE s AE A 2 HA] 52 HFSITHKettenmann
and Lamb, 2020; Post et al., 2020). &, 94 AGHE vi} &
o] vl iR AXFHZ 125 W GRAS £ ol
W9 9 FARLE 89 S AR % AH8E 205
FAGS ERlska, HEAE E3F AE HAA 7180 Fatot
T2 Pesfopat itk Schneider, 2012). 7|2 A&a} weigh
USDA A8-F A (Federal Meat Inspection Act)®] 3%,
AA = W Fupck A%9] o7t g =219 oA} gloH,
Good Manufacturing Practice(GMP), Hazard Analysis Critical
Control Point((HACCP) 5°| GRASS} BH8= #oz HQlth
SHH, GRASE RAAPAPAES 2oHA] o s A|l25%
% AZo) 974 7]&(genetically modified, GM)o] AFEE 7
9 GRAS7} ol RAABAIED} Beie 749] Hgol 9
T2 g3t Aol

FHAGANA v A 2 = AEHE % (European
Food Safety Authority)2] Novel Foodof| 2Jgfj4] o]F0]d # o
2 HQItK(Petetin, 2014; Sergelidis, 2019). Novel Food= &
A W AaA] AEFY S BEfske Al=EA, 19979
A APERCH, Al A b H7EE FSto] A= W 4
H|AS ES5h= AS F B4 0= SHNEFSA Panel on Dietetic
Products et al., 2016). A& A 20159 Novel Food
7H7(EC. No. 2015/2283y ‘&5to] g5 I3t A2 7|9t
2 oju] ulHskY 2018W F418}5FIcHEuropean Parliament
and Council of the European Union, 2015). 3| -+4of|A Hf

Table 1. Legal basis for safety management of novel food

Classification Legal basis
USA GRAS
(FFDCA 201(s), 409, 21CFR170.3, and 21CFR170.30)
EU Novel Food
(Regulation (EU) 2015/2283)
Australia/ Novel Food

New Zealand

(FSANZ Act 2003, standard 1.5.1 Novel Foods)

Canada Novel Food

(Food and Drug Regulations, Division 28 of Part B Novel Foods)

FFDCA: Federal, Food, Drug, and Cosmetic Act.
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FE2 &, AE, TIBE, 530 = 2RO 22 AlEy
22 wiFste] 74, £, = YA 2]F(food consisting
of, isolated from or produced from cell culture or tissue culture
derived from animals, plants, microorganisms, fungi or algae)°]|
I, AEQPAEAIA 876k 787 H (administrative
data), 4 9 7]|&%/1}5H4 ©|o]E|(characterization of the
novel food, technical and scientific data) S5-& A|&5}°] Novel
FoodZ 5= 4= ITHEFSA Panel on Dietetic Products et al.,
2016). Hl=2] AREet FUBHA A1E2E7E Novel Food®] B
S W= GME E3I5HA] €T Novel Food 2Jof| &= thfFst H
Fo| FofslA = Ao ZE HQItk(Stephens et al., 2018).

7HHtt Novel Food?] 3-9+= Hl=, FHAY 53 2
AAHPAEFS Eodshe Z10] S0 Z(CAPL, 2018) Hig=
o] 7A A o} ATt Ayt HRO] R T IS 34
A e QIlo, Ayt WollA vl 1A H e
HjoRgo] A ATt W A A159] oo 2FEA| k&
oz, His Al Al 2RO A= gE F40] ol
1 GM3o| 23 7ks4do] SlZoll WeEbA Novel FoodE 4
L3k Ao g AT CAPL 2018). iUt W Novel Food=
AFE ol A Al BT ARG AE o
WY BF Bolo] A9AF HEShE AL XL Unk
Hlop8-2 7]20] o} v} gl B4 Fato] TS0l A%
07 #5751, Novel Food 9152 A54AM, 84F, 585
RAER Sof o) B0z peld R0 vl A
Novel FoodE 7|02 AuE o, uids ik Al AMGE=
E4E0] 48] 7hstt Y=rt ofd A%, olof thet kg
B71el 7 of i glo] RIEA] H QS 707 Holw, 8
2 AXA|, wigd E Ak 2UHEE o= &3 4= 9l
THCAPL 2018). ©]2} FAFSHAl 20201 AJ7FEE0]A HaL7]
HjFS AlEhE AAA] 222 AEST Eat Justo] F-9o® A4
A AFEoE S-S wote] 7P Bl QItk(Ng et al,
2021; Treich, 2021).
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Kim, 2014; MFDS, 2021). BjS AR A] ofd 23S 8
749 o] 2ASZ HgS oA A v 9T 3T A
o7 Helrh &, @A thFE 252 vikE {1tk Aol X
P11 a1, 7 o2 Alzete] Fuld At 2= A4
9% Q)OLKCui et al., 2018), O|RTH= 9 7}5-S Edlo] 4]
S| FAEE =0l WS 2 Z&3ta it T Al

A ZS F/N5HT 9= Eat Just, Aleph Farms 5% ZHjFE T}
£ 7120 IRl 7 2 AMEES ol8sto] AAIEE AR
o= A o7 W3S HE Q] O™ (Handral et al., 2022), 2013 Al
Al Hx=E 2317 wigS HEE AXSE Mark Post HPAF ERT
HIE, Algh I3 Y 52 o]83t o= d#A| 1 ot
(Hamdan et al., 2018; Painter et al., 2020). <, 2%7] v
A& s=A2 3 AEvhS ZFel7| = AIEofA] Hf
P TS5 VIS FHE 8IS 2R Helth
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Table 2. Major consideration for safety management of novel foods in Korea

Classification

Plant-based products

Insect-based products

Microbial-based products

Introduction  Origin and background for Origin and background for Origin and background for
and development development development
origin (if included, registration number
official gene bank)
Domestic and international status Domestic and international status Domestic and international status
for safety approval for safety approval for safety approval
Domestic and international status Domestic and international status Domestic and international status
for usage for usage for usage
Production  Plantation condition and method  Rearing condition and method -
process Detailed method Detailed method Detailed method
Method for toxic elimination Method for toxic and gut Microbial sterilization
(if toxic material included) microbiome elimination Media elimination
(if included) Storage condition
Equipment, solvent, Equipment, solvent,
microornanisms, additives microorganisms, additives used for
used for production process production process
Chemical residue (if used solvent) Chemical residue (if used solvent)
Method to detect used
microorganism in final product
Product  Appearance (shape, color, odor)  Appearance (shape, color, size, Appearance (shape, color, odor)
verification odor, drying)
Change in shape at each growth
stage
Ingredients and component Ingredients and component Antibacterial compound production
Major component
Alkaloid (if included) - -
Unintended residue (heavy metal, Unintended residue (heavy metal, Unintended residue (heavy metal,
pesticide, microorganisms, etc.)  microorganisms, mycotoxin, etc.) microorganisms, etc.)
- - Stability
Safety Human effect data Human effect data Human effect data
Allergenicity Allergenicity Allergenicity
Test result for allergenticity
(if had allergen-related protein)
- - Antibiotic resistance
Toxicological information Toxicological information Toxicological information
Main purpose and data on intake Main purpose and data on intake Main purpose and data on intake
Major Application by each part Application by each part and Antibiotic resistance
differences  Alkaloid growth stage

Mycotoxin
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ol §3ol wet gel
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Fet 2919) 719)
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ek 77t olojor
T 235l w2t ZA HiokET|AlxE

(embryonic stem cell) W AAAHE7]| A E(adult stem cell) F 7}
A2 Uis 4= IO, 2015). ©] F Hjol&7 M2+
BE 5 AU AIZE Lok, BHE
753 2 o, Aol S4et o] glon, Hiols
EARIT). W, "éﬂ]éﬂ’\ﬂil:

Sl
zHoz Bt &

A % gl AZESL olsie],  ANSHE Tlee
o ek A2 The 42 T ol of

oL x

= Aol 2HA7}
H 9,]_0] a3

It FHI £ o= ZaPL 7Tt HiHo] £

4 @ 5

Ao, ALloM AL wigsiAl =w

Aol= 0]8]20] ITtH(Choi et al., 2021). A HY
F8 Az A TR HORS SIol ol 8ol R AL F5
HjolE7| A2, SUHFS7IAE, ISE7 1A (Z3AE)
50| &ElA QO mW(Table 4; Kadim et al.,
2021), HiokE7IMEY SUHFE7IAEE ol-8-5to]
o 45| 7ol XI%¥ Fofl
5% o}83jo] ofo] T2 AN} AnE I T HAA

2015; MFDS,
EEE

itk 1 9] WA
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Table 3. Types of tissue with different cell components in original meat and their expected role for cultured meat

Tissue Cell components Role for cultured meat
Muscle Muscle cell Animal protein supply
Fibroblast Meat color
Texture
Flavor (taste and odor)
Fat Adipocyte Animal fat supply
Blood cell Meat color (mainly lightness and redness)
Vascular endothelial cell Juiciness
Preadipocyte Species—characteristic flavor
Vascular Endothelial cell Oxygen and nutrients supply for cell growth
Muscle cell
Fibroblast
Tendon Endothelial cell Shape
Muscle cell Texture
Fibroblast

Table 4. Types of cell for muscle culture

Types

Tissues and stem cell can differentiate into

Embryonic stem cells Most tissues of the animal body

Induced pluripotent  Most tissues of the body

stem cell Fully differentiated cells can be induced to become pluripotent by appropriate treatments
Mesenchymal Various tissues
stem cells Easy to collect and higher proliferation/differentiation similar to embryonic stem cell

Muscle stem cell

A broad classification across tissues, with the most being specific to muscle as they originate from

Modified from Kadim et al. (2015) with CC-BY and MFDS with CC-BY (2021).

HES 5o ZSE7MEE o= HE gloy, A4 7]
£0| Z3tE|o] 4HAF 8E7) ojHs] oA HE AA &
E7MEE ol&sto] HisS Axshe Wy WA A+
7b F2 AP Al E AMGSKE= FAlolth

ANz G5 Al == AR F shvbs AlZgolsE2] #9
4 Holrt g & A F st Az AFRt 7hs
SHH tpeRet S79 ASE A & Stk FolthBhat et
al., 2015). BHH, ABS|H Ei= 214 EA= FF71 o18=1A) ¢
£ 7Y 7] =3 27t = B obdEh AN Al
e A AR T Al ofgfge] o R, AlRgolEsE
X Z-go| 713t tVd= 89| diF= Aol B_ otk

SHA, HiRS A4t Al AZFoEEIA AlZE AFT 5
U= WS AU =5 A5 2A|9] 225 o-&5h= o]
THNix and Moore, 2020). 1 52 tjtk9] 49 A Hst
of gtot, AR AR AL JAPot= B W s=9 &
A9} TARE o7 AT 4= o, =F AT TAE o]
|ot= A5 A 7hsT B BAIE e sfjof gttt ESL
wL FHO N 2E FHs] {5 Y 5= BE E 4
AT TAT 7|Eo] S8 Aotk Choi 5(2021)0] WEH,
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29| g3 ATE & Stk
Table 5= g5 AR2TH 9D AREEEo] H3E W&ol
TEE7IME 719 S ARTAL IA ZoEigAIE
A= AF, Ax £, A2 i, 52), S ARG
A, 73}, 79, HigE 7o U o JloH, ARARE Ui
2 o] FH=EE 53l 7|&3t vl AtK(See details in Choi
et al., 2021). QFASH HiRs HFE FloiA AX3E S 4 &
HE 12T Algo] Y|, BAEE AlEgo =9 e
T4, A RQF L ek AE2, AREEE, Vs, JE S
= 54 5 Uit 719 = ol wE M4 Aol
o ok &9, viS ARE Ao AA AlEE T
ALY AL, 71& AEoA ZEEA AW 5 L AREEE
S HRkstol weh AAFH Al 47 4 flsiAdoll gt =2e] o
7F EARteE @A ZoulgAIE SRITEE AN EE B
=2 AuEd N2ZQ7E, 7| xHgd, B, A, 71E
Z(: T B, Al BeEd, 5289%) 5o A2
, HiGS AR Al AR EE E4E2 AR, 712
A, FA, 75 24(@: Fa, ARAA, Az FHEE) 5ol
Qlti(Table 5) (Choi et al., 2021). O] & A& A|Z & o]&o]
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Table 5. Steps of cultured meat production and involved materials for each process

Serum and I o Additional

replacements supplements
Tissue collection - - - 0 - _
Cell line  Cell dissociation - o - - - o
establishment  Cell culture o o _ _ o o
Cryopreservation - o) o - - o
Thawing o} o} - - - _
Cultured meat  Proliferation o} 0 0 - 0 o
production  Differentiation 0 0 o - - o
Harvest - o - - _ o
Processing - - - - - - _

B A1go] ZRsd A1 dhAlste] A8 2, okl
@A Afeit o2zl S3t AR HREY ofR e gl
T A T Aol B 3H] Py Yol Lastn)
olel ket F hAA HLL AT ATt 7% BAE]
S QA Aol WY o AlRE 1 2ol
54 4 AgEE BY50| Y B ohfel, 9REUSY
%) % 29io] 53] Forslel HA| FAHo) ThEt BAAR =
JEPE shte] detel B 4 9 R0z Az

¢

:{o_l
il

She, ALY BestA olo] thet Tel % A% et
A% Ao Holth wjekg A% A ALY 2L A
of gjo] Qlold FR3 Qlolw, 53] B2 AF Ao o
A oA AR Bolck, @A) AES) AL FARE
¥ (eryopreservation) 71LOE e, x| 7] s}
Uolupx] gl 2AL ARl A7IKE Bashe 2 9

E

o
& Blt}(Jones and Shikanov, 2020). A|E 52 A] W24 4
< Ao 42 7S o JeEE 52 A 1Y AlA=
ZgolH, o] W FARIRS o8] AR Aolm Al
W ES AlAsL 328 aslsta Qlok. S2EE A
Az QPd/go] = P 4= U= ARICE AR 9 Byt

24, A8E4 50l JeH, 4 5 e o diE &
Alzof st 587 ¢ 9 S’JEH/KJ u| =S slolsfo} i}
(MFDS, 2010).
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A AR So] AFste], I F7HRl A7EN Be AlEE

o 1he7] A7 o A=l hete] A=Y L S A
2 AL BRI Aold, Mg A @Fol BEU & Urk.
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=BG AR TS AR Al 71RE oF4] juls)
U, Sie] ARt v B Bl A VdEE AEA
< 71E0® % s A wEPt vord B dvE
= Ak
A AoAl= wigse] e Ve S A8 vt
= At Qlom, RS et FUjQ] 7 220
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